Abstract. In two digestibility and balance trials with growing pigs, whey protein concentrate (WPC) was compared as a protein supplement with casein (CAS) and dried skim milk (DSM), and, 30 % lactose (40 % dried whey, DW) was compared as a sugar supplement with the same amounts of hydrolysed lactose (HYLA) and sucrose (SUC). The effects of these supplements on protein and mineral metabolism of the pigs were investigated, WPC contained 42.2 % crude protein and had a high content of lysine, 8.6 g, and sulphur containing amino acids: cystine 2.8 and methionine 2.2 g/16 g N, These exceeded the values for DSM. The hydrolysing degree of the enzymatically treated lactose syrup was 73 %. WPC had high crude protein digestibility, 99.1 % as compared to 95.4 for CAS and 95.0 % for DSM. Dried whey had low crude protein digestibility, 72.5 %. The amino acids in the WPC diet were highly digestible, but low values were obtained for the DW diet. On the WPC diet, nitrogen retention was higher than with the other protein supplements (P > 0.05), urinary urea excretion was low and the biological value very high. On a combination of WPC and HYLA protein utilisation was higher than on dried whole whey. On the diets supplemented with different sugars, none of the blood parameters differed statistically significantly (P > 0.05) and all values lay within the reference range. Water intake was on average 49°/o greater on diets with sugar supplements than without. Urinary excretion of reducing sugars averaged 40.2, 8.3 and 6.6 g/d on the HYLA, SUC and DW diets, while on the diets without sugar supplements the values were 0.8-1.2 g/d. The following mean daily mineral retention values were obtained: P 4.0 g, Ca 5,9 g. Mg 0,4 g, Na 1.9 g, K 2.9 g, Fe 27 mg, Cu 6.4 mg, Zn 65 mg and Mn 4.0 mg. The surplus Na and K on the DW diet were excreted in the urine and the pigs did not have diarrhoea.
Introduction
With the expansion of cheese manufacturing in Finland, increased amounts of whey are supplied for animal feeding, while minor amounts of whey products are used in the food industry. In 1983, the total production of whey was 650 mill, kg, of which ca. 20 *Vo was used directly in liquid form by farm animals, the remainder being used to produce 26 mill, kg dried whey (Anon. 1983) . Liquid whey contains a high proportion of Index words: whey, whey proteins, dried whey, lactose, hydrolysed lactose, pig feeding, protein supplements. (Barber et al. 1978 , Fevrier 1978 . Recent technological developments, such as enzymic hydrolysis of lactose, ultrafiltration and reverse osmosis, allow concentration of the protein and reduction of the lactose and mineral contents, thus eliminating the problems encountered when large amounts of whey are used in pig diets (Harju 1984) . Large amounts of hydrolysed lactose syrup and whey protein concentrate have been given to pigs with good results (Alaviuhkola et al. 1980 , Alaviuhkola 1982 Alaviuhkola , 1984 .
The present physiological experiments were undertaken to assess the nutritive value and utility of some new whey products in pig diets and their effects on protein and mineral metabolism.
Materials and methods
Two digestibility, nitrogen and mineral balance experiments were conducted with three castrated Landrace pigs weighing 38-71 kg in trials of 3 X 3 Latin square design, to determine the nutritive value and metabolic effects of some whey products of the new process technology. In one experiment ultrafiltrated spray-dried whey protein concentrate (WPC) was compared as a protein supplement with hydrochloric acid-precipitated spray-dried casein (CAS) and spraydried skim milk (DSM). In the other experiment, spray-dried whole whey (DW) was compared as a lactose supplement with sucrose (SUC) and Hydrolact L-50 enzyme hydrolyzed lactose syrup (HYLA), hydrolyzing min. 73 %. The experimental substances were normal products of the firm Kuivamaito Oy, Lapinlahti. Six isonitrogenous diets were prepared, using barley meal enriched with mineral mixture 40 g/d) and vitamin mixture 15 g/d), the percentages of supplements the in the diets being as follows:
The daily rations were 1.8, 2.2 and 2.6 kg, on average 97.3 g DM/kg W 0 75 . The barrows were kept in metabolism cages, which allowed separate quantitative collection of urine and faeces. They were fed a slurry of Ikg diet and 1.5 litre water twice daily. Each experiment lasted 16 days, consisting of a 4-day transition period, a 6-day accommondation period and a 6-day collection period.
Blood samples were taken from the anterior vena cava after each collection period before morning feeding. The treatment of samples and the methods used were the same as described by Näsi and Tanhuanpää (1981) (Fox 1982) . Whey- (Harju 1984) . The diet supplemented with casein had lower organic matter digestibility (P < 0.05) than the diets with other protein supplements. The diet including dried whey had lower dry matter, organic matter and NFE digestibilities than the diets supplemented with other sugars (P <0.05, P < 0.01) ( Table 2 ). The crude protein digestibility of the DW diet was 9°/o units and 5 % units lower than the values for the SUC and HY-LA diets, but the differences were not statistically significant (P > 0.05). Forsum (1975) reported decreased true protein digestibilities when dietary lactose increased. However, Eggum (1973) reported that lactose does not affect the digestibility of proteins. On the WPC, CAS and DSM diets reducing sugars were excreted in urine of the pigs at the rates of 1.1, 0.8 and 1.2 g/d, respectively, and on the HYLA, SUC and DW diets at the rates of 40.2. 8.3 and 6.6 g/d. The excretion on the HYLA diet was remarkably high compared with that on the diets with other sugar supplements. The water intakes were increased on the diets supplemented with sugars; on the WPC, CAS, DSM, HYLA, SUC and DW diets they averaged, respectively: 4.35, 4.38, 4.68, 6.81, 5.80 and 7.43 
The overall amino acid digestibilities were higher on the WPC diet than on the CAS or DSM diets, the CAS diet giving the lowest values. This diet had significantly (P < 0.05, P < 0.01) lower digestibilities than the WPC diet, but not the DSM diet, for aspartic acid, isoleucine, leucine, lysine and threonine. The diet including DW had lower digestibilities for the most essential amino acids than the diets supplemented with other sugars (P > 0.05, P < 0.01). On the DW diet, it is possible that not all the lactose can be absorbed in the small intestine and that part is fermented in the large intestine, thus lowering the apparent amino acid digestibilities. But the low lysine content of DW indicates thermal denaturation of protein during drying and reduced digestibility and availability. The pigs on the DW diet had slightly loose and foamy excrements, but no diarrhoea was observed and the DM content of the faeces on the various diets was 29.2, 29.5, 31.3, 31.8, 31.8 and 29.7 %.
The digestibility of crude protein in WPC, calculated by the difference method, was 99.1 %, compared to 95.4 for CAS and 95.0 % for DSM (Table 3) . Dried whey had rather low CP digestibility, 72.5 % compared, to the other milk proteins. Just et al.
(1983) also received a low value, 78 %, for the crude protein digestibility of DW, while Salo et ai. (1982) reported the higher value of 90 %. However, the digestibility of the organic matter of dried whey in the present study was similar to that reported by Hankahan (1971) and Just et al. (1983) . The whey protein concentrate had a FU value 10.5 % higher than that of dried skim milk, and hydrolysed lactose syrup also had a high value, only 3.5 % lower than sucrose. The M e a n s wi t h d i f f e r e n t l e t t e r s w e r e s i g n i f i c a n t l y 11.00 9.29 NE FU/kg DM (Just) 1.53 tained here are in good agreement with the results of pig growth trials in which soybean fish meal was replaced with WPC, which improved the daily gain by 9 % and also the feed conversion efficiency by 9 % (Alaviuhkola 1982). Replacement of barley with HYLA at the levels of 30 and 45 % of the feed units improved daily gains by 8 and 4°7o, while DW inclusion gave a 3 % increase (Alaviuhkola et al. 1980) . Good performances were also obtained in pig feeding experiments, when WPC was used as a protein supplement and the ration contained 28.5 % and 52.4 % HYLA, but pigs receiving over 70 % whey products in their diets showed 6 % lower daily gain (Alaviuhkola 1984) . With diets containing 60 % hydrolysed lactose or untreated whey, Fevrier (1980) found that hydrolysed lactose raised the energy and protein digestibilities from 85.4 to 87.5 % and from 74.8 to 80.6 %. Table 4 presents data on the nitrogen balance with the different diets. The WPC diet had the highest nitrogen retention, 25.5 g/d, which exceeded the value for the CAS diet by 7.9 % and for the DSM diet by 2.7 %. A wet carboxy methyl cellulose precipitated (CMC) whey product gave still higher retention of nitrogen and a higher biological value (Nasi et al. 1982 ) than the WPC product in the present study. Urinary urea excretion on the WPC diet was 14 % and 18 % lower than on the CAS and DSM diets, indicating very good amino acid availability and balance in the WPC diet. The biological value was also high, 73.4 %. Consequently, ultrafiltration of whey gives a protein source which is largerly undenaturalized (Forsum 1975 ). The DW diet had the lowest values for nitrogen utilization. This was in accordance with the daily gains, which averaged 910 g for the other diets and 750 g for the DW diet. However, Eggum (1973) 1972 , Forsum 1974 , 10 % greater than the PER of skim milk on wheat diets (Womack and Vaghan 1972). The balance data of the present investigation accord with the improved performance of pigs fed WPC instead of soybean fish meal protein with an equivalent amino acid supply (Alaviuhkola 1982) . They also agree with the metabolic performances of piglets on diets with casein to whey protein ratios ranging from 80 :20 to 0 : 100; in that study the CAS : WPS ratio of 40 : 60 gave the highest rate of gain, the urea N in total urinary N was inversely related to the proportion of whey protein in the diet, and the plasma urea was low throughout (Henschel et al. 1983 ).
The pigs on the WPC diet had a significantly (P < 0.05) higher potassium content in the blood than the pigs on the other diets (Table 5 ). The alkaline phosphatase of the pigs on the WPS diet was lower than in the pigs on the DSM diet (P < 0.05). In the pigs on the diets supplemented with different sugars, none of the blood parameters showed statistically significant differences (P > 0.05). Blood glucose was similar to that in the pigs not receiving sugar supplements. Rerat et al. (1984) found that a lactose supplement of 400 -1600 g/d in the diet, as opposed to sucrose or glucose, resulted in only a small and constant amount of reducing sugars in the portal blood and that after the meal the sugar level remained above the initial value longer than with the other sugars. Although the pigs on the DW diet had high intakes of sodium and potas- M e a n s wi t h d i f f e r e n t l e t t e r s w e r e s i g n i f i c a n t l y the present study correspond fairly closely to the results obtained in other experiments in which the diets were supplemented with sugar alcohols or whey protein product (Nasi and Tanhuanpää 1981 , Näsi et ai. 1982 , and all parameters lie within the reference ranges (Schmidt 1979) . The mineral metabolism was studied by measuring intake, and faecal and urinary excretion, and using the results to calculate absorption and retention (Table 6 ). The pigs received the same mineral supplements and the differences in the intakes were due to differences the mineral composition of the diets. The absorption of P and Ca averaged 50-51 %, that of Mg was very low, 25 %, and the values for Na and K were high, 89-79 %. The overall digestibilities of the trace elements were low, 8-37 %. Urinary excretion of P, Ca and Mg and also that of trace elements was low, while surplus Na and K were voided in the urine. Water intake was about 40 % higher in the pigs on the DW diet than in the pigs on the CAS diet, on the latter diet the pigs received 3.7 g Na/d and 11.3 g K, compared to 11.6 and 32.8 g/d, respectively, on the DW diet. Urinary osmolalities on the different diets were 529, 515, 493, 337, 484 and 463 mosm/kg urine and were not higher in the pigs voiding surplus K and Na. The urine excretion was higher on the diets with high mineral supplies, averaging 2.31,2.36, 2.82, 5.52, 4.17 and 5.58 lactose, but the differences were not significant (P > 0.05). Na and K retention was almost independent of the level in the diet. Lactose in the diet generally stimulates the mineral absorption and the minerals in milk products are readily available (Schingoethe 1976) . The rates of absorption and retention obtained for the various minerals obtained in the present study are in good agreement with the results presented recently by Jorgensen and Fernandez (1984) . 
